Introduction The purpose of this study was to evaluate the changes in maternal quality of life (QOL) from pregnancy to 6 weeks after delivery between routine labor epidural analgesia (EA) and pain relief on maternal request only. Methods \Women delivering of a singleton in cephalic presentation beyond 36 + 0 weeks' gestation were randomly allocated to EA as a routine during labor (routine EA group), or to any kind of analgesia on request only (control group). The Short Form health survey (SF-36) was used to assess women's QOL before randomization, and 6 weeks postpartum. Data were analyzed according to the intention to treat principle. Results A total of 488 women were included, and antepartum as well as postpartum SF-36 questionnaires were filled in by 356 (73.0%) women, 176 (49.4%) in the routine EA group, and 180 (50.6%) in the control group. Changes from the QOL antepartum to the QOL 6 weeks postpartum were comparable between both groups, also in the subgroup of women in the control group who gave birth without any pain medication (n = 41, 22.8%). Maternal age and the incidence of adverse events related to EA, which were both higher in the routine EA group, had no influence on the changes in QOL. Differences in request for pain relief were comparable with other studies. Conclusion Routine administration of EA during labor and pain relief on maternal request only are associated with comparable changes of women's QOL antepartum to 6 weeks postpartum.
Introduction
Quality of life (QOL) is a multidimensional process that involves physical as well as mental aspects of life, influenced by subjective positive and negative evaluations [1] [2] [3] . Healthrelated quality of life has become a valid indicator of a population's well-being. It is a measure to assess the effects of treatment on physical, mental, emotional, and social functioning. Routine QOL questions about perceived physical and mental health and functioning became an important component of health surveillance, and are generally considered valid indicators of service needs as well as intervention outcomes [3] . Childbirth is an important critical aspect of life that can influence a women's QOL. It has been shown that women's subjective evaluation of childbirth has a major impact on maternal QOL after delivery [4, 5] . Women with an uncomplicated pregnancy and childbirth have the highest QOL scores compared to women who have a complicated pregnancy and/or delivery [6] . Women with a negative childbirth experience 1 3 have a harder time bonding with their child postpartum [7] . A negative childbirth experience may even result in a posttraumatic stress disorder, occurring in 2-6% of all deliveries [8] [9] [10] .
Women's childbirth experience in turn is influenced by many factors, including socio-economic and demographic characteristics, pregnancy complications, labor characteristics, mode of delivery, neonatal outcome, and social support [5, [11] [12] [13] . One of these factors is the experience of labor pain [14] . Labor pain experience is subjective and multifactorial. Not having had a choice in pain relief, and not being satisfied in coping with pain during labor were associated with a negative birth experience [15] . Labor pain incidentally results in posttraumatic stress symptoms [9] or depressive symptoms, even more so when it results in persistent postpartum pain [16] . For many pregnant women, the fear of labor pain is also of major concern, resulting in severe fear of childbirth in 6-10% [17] . This fear of pain can even result in a request for an elective cesarean section [18] .
As the experience of labor pain contributes to the childbirth experience of women, optimal pain relief is an important issue. Maternal QOL during and after childbirth may be improved, if the health care professionals discuss labor pain and its management with the pregnant woman antepartum [19] . Epidural analgesia (EA) has been shown to be the most effective method of pharmacological pain relief during labor, as compared with other methods of labor analgesia [20] [21] [22] . A reduced risk of postpartum depression was demonstrated in women who received epidural analgesia, compared to no analgesia [23] . Non-inferiority of routine EA with regard to the risk of operative delivery could not be demonstrated in this trial. No important differences in labor and neonatal outcomes were found between both groups. However, routine EA use was likely to lead to more operative deliveries and more maternal adverse effects, including hypotension and motor blockade [24] .
Because EA seems to affect not only a women's delivery but also her puerperium, we were interested to find out whether there would be a difference in QOL postpartum, in routine labor EA as compared with analgesia on request. We hypothesized that women who receive routine EA will have a greater change in QOL postpartum, as they might have a more positive childbirth experience because of EA during labor. The purpose of this study, therefore, was to evaluate the changes in QOL of women who received routine labor EA, as compared to women who were given pain relief on request only (control group), with special attention paid to the women who requested no pain relief at all.
Methods

Design and patients
This QOL study was linked to the recently published TREATtrial [24] . The trial was approved by the Medical Ethics Committee of the participating centres. It was registered in the clinical trial register (NCT01261689). The TREAT-trial was a bi-center, randomized, non-inferiority study that compared the effect of routine labor EA with a control group on the operative delivery rates, labor characteristics, maternal, and neonatal outcomes. Eligible women (n = 488) were included from September 2008 until May 2012 in one university and one non-university hospital in The Netherlands, thereby representing the labor care in different hospitals of the country. Women were considered to be eligible if they were 18 years or older and pregnant with a singleton in vertex presentation at a gestational age of 36 weeks or more, with the intention to deliver vaginally and without a contra-indication for EA. Women were asked to fill in the SF-36 antepartum before randomization (AP SF-36) at the outpatient clinic, and 6 weeks postpartum (PP SF-36) at their routine postpartum appointment. In case the PP SF-36 questionnaire was not returned, a research nurse tried to contact the women by telephone and asked them again to return the questionnaire.
Randomization
From 32 weeks' gestation, eligible women were given oral and written information about the TREAT-trial. After their oral and written informed consent, women were randomly allocated before the start (or induction) of labor to either routine EA (n = 233) or analgesia on request (n = 255) in a 1:1 ratio, with stratification for center and parity, by using sequentially numbered opaque envelopes. Additional information about the procedure is described in the original article [24] .
Intervention
Women in the routine EA group received EA as soon as they were declared to be in labor, which was defined as an effaced cervix with at least 2-cm dilation. Women in the control group received analgesia only on request, which could be opiates intramuscularly or EA, depending on the local hospital protocol (cervical dilation, progression of labor, expected time until full dilation) and the patient's preference.
Health-related quality of life
Health-related quality of life was a secondary outcome in the TREAT-trial; therefore, the sample size was not calculated specifically for this outcome. To evaluate the QOL, we used the Short Form 36 (SF-36). The Short Form 36 (SF-36) is a standardized generic health-related QOL questionnaire, which fulfills strict criteria of reliability and validity and is proven to be appropriate for the evaluation of QOL after delivery [12, [25] [26] [27] . The SF-36 consists of 36 items, and is subdivided in eight subscales: physical functioning, social functioning, role limitations because of physical health problems, roll limitations because of emotional problems, emotional well-being, vitality, bodily pain, and general health perception. A ninth separate subscale is general health change. Each subscale is ranged from 0 to 100, where the higher the score the better the QOL [25] .
Statistical analysis
Transformed scores of the SF-36 were calculated according to the SF-36 guideline as well as imputation of missing values [25] . If less than half of the items of a subscale were missing, then the missing values were determined by calculating the mean of the existing values [25] .
Numerical variables were presented by mean (± standard deviation) and categorical variables by number (%). Independent-samples t test and Chi-square or Fisher's exact test were performed to assess the differences in numerical and categorical variables between groups (EA vs. non-EA, analgesia on request vs. no analgesia on request), respectively.
Linear mixed effects models were used to analyze the difference in SF-36 scores between groups, since this method corrects for differences in AP scores, deals with the correlation between repeated measures within the same woman (AP and PP), and assumes missing at random (MAR), where a likelihood-based approach was used for missing outcomes. Moreover, we corrected for variables related to absence and/or to the outcome such as age, BMI, parity, complications during labor, and neonatal admittance [28] . A p value ≤ 0.05 was considered to be statistically significant. Statistical analyses were performed using IBM SPSS® Statistics for Windows (version 23.0, IBM corp., Armonk, NY, USA).
Results
Patient characteristics
The QOL study population consisted of all women (n = 488) included in the TREAT trial (Fig. 1) . From them, 233 (47.7%) were allocated to the routine EA group and 255 (52.3%) to the control group. In the routine EA group, 208 (89.3%) women did receive EA and 25 (10.7%) did not. Reasons for failure to get EA in this group were fast progression of labor (n = 15), technical problems (n = 2), unplanned cesarean section (n = 6), unavailability of EA (n = 1), and unknown (n = 1). From the 255 women who were allocated to the control group, 61 (23.9%) gave birth without any pain medication. From the 194 women (76.1%) who requested analgesia, 61 (30.9%) received EA at first request, 59 (30.4%) received EA at second request, and 74 women (38.1%) received opiates. There were no significant differences between maternal baseline and labor characteristics between both groups (table not shown), except for a higher maternal age in the EA group (p = < 0.01) and more adverse events related to EA (p = < 0.00) in this group such as maternal hypotension and motor blockade.
The baseline characteristics of the women who did not fill out the AP SF-36 and/or PP SF-36 were not significantly different between the routine labor EA group and the control group (24.5 and 29.4%, respectively; p = 0.26; data not shown).
In the control group, women who delivered without analgesia (n = 61, 23.9%), were older (p ≤ 0.00), had a lower BMI (p ≤ 0.00), were more often multiparous (p ≤ 0.00), received less frequently secondary education, even though primary and tertiary education levels were comparable. (p = 0.03), had more often a spontaneous vaginal delivery (p ≤ 0.01), and underwent less frequently an unplanned cesarean section (p < 0.04) as compared to the women who did receive pain medication (n = 194, 76.1%). Table 1 shows the antepartum and postpartum scores on the nine subscales of the SF-36 for the routine EA group and the control group, as well as the difference in score changes between both groups. In both groups, QOL increased in six domains between antepartum and postpartum, but decreased for the domains 'role limitations due to emotional problems,' 'general health perception,' and 'general health change.' For 'physical functioning' and 'role limitations due to physical problems' the increase within both groups was even more than 20%. However, there were no significant differences in score changes between the routine EA and the control group.
Changes in quality of life
For the subgroups of the analgesia on request group, the antepartum and postpartum scores on the nine subscales of the SF-36 and the difference in change scores per subscale are shown in Table 2 . There were no significant differences in the change scores between the subgroup of women who received analgesia on request and those who delivered without any analgesia.
Discussion
In this study, the maternal QOL was evaluated and compared between women who received routine EA during labor, and those who were given pain relief on request only. Women in both groups showed comparable changes in QOL from antepartum to 6 weeks postpartum, which is in line with other studies [1, 12] . Our hypothesis, that routine labor EA would result in a significant improvement of QOL after delivery as compared with analgesia on request, could not be confirmed.
We used the SF-36 in this study to measure quality of life. The SF-36 is a generic tool to measure a person's quality of life and to compare this with other people's QOL. It has been used internationally and in cost-effectiveness studies (which was de primary intent of the TREAT-study). During pregnancy, a difference in both the routine EA group as well as the control group was observed, when compared to a general non-pregnant population studies ad described by van der Zee [25] . When comparing the SF-36 scores of our pregnant population with this general population, pregnant women scored lower on 5 out of the 9 subscales: physical functioning, social functioning, role limitations due to physical problems, emotional well-being, and bodily pain. This is in line with previous studies that showed an overall reduced QOL in women during pregnancy and the postpartum period [1, 29] . This seems to imply that routinely given pain relief does not influence women's health-related QOL.
As women participating in the TREAT trial were well informed about the possibilities of labor pain relief, this might have resulted in a decrease of fear of pain as well as pain experience during delivery in these women. In turn this may have had a positive effect on their birth experience.
In the control group, nearly 24% of women delivered without request for any kind of analgesia. Compared with women who received analgesia in the control group, there were a few statistical significant differences. Women who received analgesia in the control group were older, more often multiparous, higher educated and had a lower BMI. Also, mode of delivery was more often spontaneously and less had an unplanned cesarean section. The fact that multiparous women less often choose EA during labor can be explained by positive previous delivery experiences which may also play a role in increased confidence resulting in decreased fear of pain in multiparous women [30] . It is likely that women who choose not to request analgesia are more confident in their own ability to handle pain and their physical functioning than women who do not have this confidence. The higher maternal age in this group can probably be linked to this multiparity. Other studies also showed a positive relationship between a higher BMI (> 25 kg/m 2 ) and request for EA analgesia, but showed a negative relationship between higher education and EA request [31, 32] . However, these differences in characteristics did not result in a significant change of QOL after delivery, as compared with the women who did receive analgesia on request. Nevertheless, we found a nearly significant difference in the dimension physical functioning in favor of the women who delivered without any pain medication (p = 0.054). Significance could presumably have been demonstrated if the number of women who delivered without any pain medication (now, n = 61) had been comparable in size with the number of women who received pain medication on request (now, n = 194).
The strength of this study is that it is the first randomized controlled trial, evaluating the effect of routine labor EA on maternal QOL, 6 weeks postpartum. The SF-36 questionnaire used in this study is a standard and well-known non-specific health-related QOL questionnaire, which has been validated for the evaluation of QOL after delivery [12, 13, 27, 33] .
The study also has some limitations. Firstly, we cannot exclude selection bias of the women participating in the TREAT-trial, and thus also in the QOL study, as it is likely that these women favored EA for labor pain treatment more than those women who refused participation.
Secondly, our follow-up period of 6 weeks is relatively short. Not all women will have recovered completely in 6 weeks. Delivery-related problems like urinary incontinence, perineal pain, and chronic exhaustion may have an effect on the QOL when these women return to their daily activities after their maternity period is completed [34] . However, the mode of delivery (spontaneous, vaginal instrumental or unplanned cesarean section) would only have a small impact on these results, as these labor characteristics were not significantly different between both groups. Besides, during the routine postpartum check-up at 6 weeks, no women reported adverse effects of EA such as hypotension or motor blockade. Postpartum depression is most common between 6 and 12 weeks postpartum, and can have a major effect on the maternal QOL [34, 35] . Previous studies compared the QOL at 6 weeks and 6 months postpartum [34, 36, 37] , and even at 2 years after delivery [16] . They evaluated the effect of earlier induction on QOL [36, 37] or the relationship between physical and emotional health problems [34] . Even though these studies did not have the same intervention, they showed higher QOL scores 6 months postpartum compared to 6 weeks. Evaluation at longer periods after childbirth might give a better insight into the long-term effect of pregnancy and labor on women's QOL. Thirdly, the TREAT-trial did not have quality of life as a primary outcome. The study was powered to show noninferiority of routine use of epidural analgesia, and therefore, it is possible that this study was underpowered to show a statistical significant difference in QOL between the two groups. We conclude that the routine administration of EA during labor and pain relief on request are associated with comparable changes of women's QOL antepartum to 6 weeks postpartum, whereas women in the routine EA group had more adverse events related to EA. Based on the changes in women's QOL, no preference can be given to routine labor EA, as compared with labor analgesia on request. Future studies may focus on the long-term effect of routine EA on the postpartum QOL.
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